Introduction
Vector generalized finite element (VGFEM) that is based on partition of unity method was developed for the solution of electromagnetic problems [1] - [2] rather recently. The principle hurdle that was overcome in these set of papers was the development of the appropriate function spaces that can be used to model inhomogeneities. In general, partition of unity methods rely on defining a set of basis function about a characteristic point in sub-domain. As a result, while this approach permits enlarging the approximation space, they are based on functions that are continuous across boundaries. However, it is well known that such function spaces are not appropriate to model electromagnetic fields; here, it is necessary that the function spaces used be normally discontinuous and tangentially continuous across a boundary. In addition, it is required that the normal derivatives of the tangential components be discontinuous as well. It was the development of this function space that was the bottleneck. This was overcome in [1] , by defining an auxiliary set of functions that satisfied all these conditions. Here, it was assumed the interface was planar and occupied either the entire width or height of the patch. Both -h and -p convergence of these basis functions, as applied to canonical problems were demonstrated.
However, if this method were to be applied to more practical problems, it is necessary to develop the capability to analyze piecewise inhomogeneous problems. In order to meet these challenges, we have espoused a different approach. Instead of restricting ourselves to meshless environments, we have sought to adapt the features of this method to work with different kinds of tessellation. This implies that groups of standard tessellation make up one patch, and one of these sub-domains can be inhomogeneous. Consequently, it is necessary to develop a new framework to accommodate these inhomogeneities Thus, the goal of this paper is to present the development of such function spaces. The proposed basis functions are applicable to any meshing structure with linear faces. The rest of the paper is organized as follows: In the next Section, we briefly introduce the formulation of the additional basis functions. Then, we validate the proposed basis function by performing a cavity mode analysis. Finally, we conclude our work with future research directions.
Theory
In this section, we formulate the additional basis functions that satisfy the necessary boundary conditions in an inhomogeneous domain. First, we briefly introduce the fundamentals of VGFEM to glean a better understanding of the problem. Consider a linear, inhomogeneous, and source free region n, whose boundary is denoted by an := r = Ui r i · Interior to the domain electric field u(r) satisfies the vector Helmholtz u.s. Government work not protected by U.S. copyright
k o is the free space wavenumber, B i is a differential operator, and gi (r) is a boundary condition imposed on r i . As Eq. (1) is solved using VGFEM, the computation domain is first covered by the overlapping partition of unity domains f2 i that are defined around each node such that f2 C U i f2 i . Then, a vector basis function space is defined on each f2 i as a product of PU function r¢i (r) and local approximation function vf [1] . For homogenous domains, the vector space can be chosen as
mand n are used to identify the local approximation function vf(r). The function spaces chosen can be such that they best represent the local physics, and the PU function is Lipschitz continuous and I:t' r¢i(r) = 1 on f2. As opposed to constructing a PU framework as in [1] , one can construct the PU domain using the FEM mesh structure. This can be achieved by grouping the subdomains 
Results
We validate proposed additional vector basis function via some test simulations. 
Conclusion
In this paper, we have developed additional basis functions for inhomogenous domains.
The basis functions satisfy all the boundary condition requirements. These basis functions are defined on each subdomain and tested using hexahedral elements but they can be readily generalized to any linear subdomains. This enables us to use available meshing structures such that any material discontinuity in PU domain can be handled, and in fact, is the first step in making this method applicable the analysis of practical problems. The performance of the developed basis functions have been tested and validated by simulating eigenmodes of a cavity. Our current research is on application of the VGFEM with the proposed basis functions for practical problems, and these results will be presented at the conference.
